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Print semiconductor onio the gap between the source
and drain electrode
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DEVICE COMPRISING DIELECTRIC
INTERLAYER

BACKGROUND

The present invention 1s directed to an iterlayer compo-
sition and devices formed therefrom.

For printed electronics, various metal nanoparticle inks
including silver inks are broadly used in electronic device

integrations. The printed conductor inks are often used as
clectrodes for various devices such as diodes and transistors.
Therefore, 1n addition to high conductivity, the conductor
ink should ideally provide a suitable interface for charge
injection 1n device applications. Challenges often encoun-
tered include the 1nk wetting on the substrates which atiects
printing quality (printing line quality/resolution), uneven or
not smooth surface of the substrate which makes the printing,
impossible, the loss of the ink conductivity and poor ink
adhesion to substrates.

Previously Xerox® Corporation developed silver nano-
particles and inks which can be solution processed by 1nk jet
printing for various electronic device applications. Xerox®
Corporation has invented a nanosilver particle which 1s
stabilized by an organoamine U.S. Pat. No. 8,765,023,
which 1s hereby incorporated by reference herein in 1its
entirety, describes a metal nanoparticle composition that
includes an organic-stabilized metal nanoparticle and a
solvent 1n which the solvent selected has the following
Hansen solubility parameters: a dispersion parameter of
about 16 MPa"~, or more, and a sum of a polarity parameter
and a hydrogen bonding parameter of about 8.0 MPa’> or
less. U.S. Pat. No. 7,270,694, which 1s hereby incorporated
by reference herein in 1ts enftirety, describes a process for
preparing stabilized silver nanoparticles comprising reacting,
a silver compound with a reducing agent comprising a
hydrazine compound by incrementally adding the silver
compound to a first mixture comprising the reducing agent,
a stabilizer comprising an organoamine, and a solvent.

U.S. patent application Ser. No. 13/866,704, which 1s
hereby incorporated by reference herein in its entirety,
describes stabilized metal-containing nanoparticles prepared
by a first method comprising reacting a silver compound
with a reducing agent comprising a hydrazine compound by
incrementally adding the silver compound to a first mixture
comprising the reducing agent, a stabilizer comprising an
organoamine, and a solvent. U.S. patent application Ser. No.
14/188,284, which 1s hereby incorporated by reference
herein 1n 1ts entirety, describes conductive 1nks having a high
silver content for gravure and flexographic printing and
methods for producing such conductive inks.

Xerox® Corporation has developed flexographic and gra-
vure inks based on silver nanoparticle technology. U.S.
patent application Ser. No. 14/594,746, which i1s hereby
incorporated by reference herein 1n its entirety, describes 1n
the Abstract thereol a nanosilver ink composition including
silver nanoparticles; polystyrene; and an ink vehicle. A
process lfor preparing a nanosilver ink composition 1s
described comprising combining silver nanoparticles; poly-
styrene; and an 1nk vehicle. A process for forming conduc-
tive features on a substrate using flexographic and gravure
printing processes 1s described comprising providing a
nanosilver ink composition comprising silver nanoparticles;
polystyrene; and an ink vehicle; depositing the nanosilver
ink composition onto a substrate to form deposited features;
and heating the deposited features on the substrate to form
conductive features on the substrate.

10

15

20

25

30

35

40

45

50

55

60

65

2

U.S. patent application Ser. No. 14/573,191, which 1s
hereby 1incorporated by reference herein in its entirety,
describes 1n the Abstract thereol a nanosilver ink composi-
tion 1including silver nanoparticles; a clay dispersion; and an
ink vehicle. A process for forming conductive features on a
substrate 1s described including providing a nanosilver ink
composition comprising silver nanoparticles; a clay disper-
sion; and an ink vehicle; depositing the nanosilver ink
composition onto a substrate to form deposited features; and
heating the deposited features on the substrate to form
conductive features on the substrate. Inks have been suc-
cessiully formulated 1n non-polar solvents such as decalin
and bicyclohexyl and successtully printed using inkjet print-
ing technologies.

U.S. patent application Ser. No. 14/981,419, which 1s
hereby 1incorporated by reference herein in its entirety,
describes 1n the Abstract thereof an interlayer composition
including an epoxy resin; a polyvinyl phenol; a poly
(melamine-co-formaldehyde) polymer; a solvent; an
optional surfactant and an optional catalyst. A device includ-
ing a substrate; an interlayer disposed thereon; and conduc-
tive features; wherein the interlayer 1s formed from a com-
position comprising an epoxy resin; a polyvinyl phenol; a
poly(melamine-co-formaldehyde) polymer; an optional sur-
factant and an optional catalyst. A process for forming
conductive features on a substrate including depositing an
interlayer onto a substrate; thermally curing the interlayer;
depositing a conductive composition onto the interlayer to
form deposited features; and annealing the deposited fea-
tures to form conductive features.

U.S. patent application Ser. No. 15/099,937, which 1s
hereby incorporated by reference herein in 1ts entirety,
describes 1n the Abstract thereof a composition formed from
ingredients comprising: an epoxy; a polyvinyl phenol; a
cross-linking agent; an epoxy silane; and a solvent. A
printable medium and other devices made from the compo-
sition are also disclosed.

A thin-film transistor (TF'T) 1s a special kind of field-effect
transistor made by depositing thin films of an active semi-
conductor layer as well as the dielectric layer and metallic
contacts over a supporting (but non-conducting) substrate. A
common substrate 1s glass, because the primary application
of TFTs 1s 1n liqud-crystal displays. This differs from the
conventional transistor, where the semiconductor material
typically 1s the substrate, such as a silicon water. Organic
thin-film transistor (OTFT) technology involves the use of
organic semiconducting compounds 1n electronic compo-
nents. A thin film 1s a layer of matenal ranging from
fractions of a nanometer (monolayer) to several micrometers
in thickness.

In order to provide a high performance printed organic
thin film transistor (OTFT), a controllable line width with a
minimal line-to-line spacing 1s required for the OTFT source
and drain electrode printing. In addition, the electric prop-
erties, such as charge-trapping and emission at the interface
of the interlayer and a semiconductor, are of importance as
they aflect transistor performance.

Solution based all-additive printing processes enable low
cost fabrication of electronic devices on a large area flexible
substrate. These printing processes ofler several advantages
including fast prototyping with on-demand custom device;
patterning devices at low temperature, and applying to a
broad range of applications for electronic device manufac-
ture.

Many of these printing processes use organic semicon-
ductors. Organic thin-film transistors (OTFT) have low
clectron or hole mobility. Because of this low mobility, the
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desired device performance requires a large ratio of the
thin-film transistor (TFT) channel width to channel length
(W/L). In order to achieve a high transistor current during
device on state, 1t 1s desired to make the channel length,
which 1s the dimension of the gap between the source and
drain electrodes, as small as possible. Shown 1n FIG. 1 1s a
cross-sectional view of a top-gate OTFT 10. The OTFT 10
includes a substrate 12 and thereupon an interlayer 14.
Source electrode 16 and drain electrode 18 form a gap or
channel 20 therebetween. Semiconductor layer 22 i1s dis-
posed between the gap 20. Gate dielectric layer 24 1s
disposed upon the semiconductor layer 22. Gate electrode
26 1s disposed upon the gate dielectric layer 24. A voltage
applied to the gate electrode imposes an electric field 28 into
the semiconductor channel, which accumulates or depletes
charge carried in the channel. The back channel interface 30
1s the interface between the semiconductor layer 22 and the
interlayer 14. Since the semiconductor layer 22 i1s thin
(typically 50 nanometers), the gate voltage has a strong field
eflect at the back channel interface 30. In an undesired
situation, charges may be moved in and out from the
interlayer 14 to the semiconductor 22, causing poor device
performance 1n terms of slow subthreshold slope and higher
ofl-state leakage current.

Solution processable conducting materials including sil-
ver nanoparticle ks play an important role in electronic
device mtegrations. Silver nanoparticle inks can be easily
dispersed 1n suitable solvents and used to fabricate various
conducting features 1n electronic devices such as electrodes
and electrical interconnectors by low-cost solution deposi-
tion and patterming techniques and especially by ink jet
printing technologies.

The conductive features formed from metal nanoparticles
such as silver nanoparticle inks on suitable substrates,
including glasses and flexible plastic substrates, must have
suilicient adhesion and mechanical robustness characteris-
tics to enable proper electronic device fabrications and
functions. However, one of the issues 1s that adhesion on
certain substrates such as glasses and polyimide may not be
adequate 1n some instances for robust device fabrications.
The adhesion 1ssue was tackled previously by addition of a
small amount of polymeric matenals including polyvinyl
butyral (PVB) resin 1n silver conducting 1nks as an adhesion
promoter. This approach 1s suitable for some applications.
However, a potential disadvantage of this method 1s that the
clectrical conductivity of printed conductive features from
such inks could, 1n some instances, be decreased signifi-
cantly. Therefore, 1t 1s necessary to develop eflective meth-
ods to improve adhesion and enable formation of devices
with robust mechanical properties without sacrificing elec-
tric conductivity of metal nanoparticle inks used 1n elec-
tronic device applications.

Currently available compositions and methods are suit-
able for their intended purposes. However a need remains
for improved electronic device compositions and methods.
Further, a need remains for an improved method for pro-
viding suflicient adhesion and mechanical robustness char-
acteristics while also maintaining desired electrical conduc-
tivity of the printed conductive features. Further, a need
remains for an interlayer composition having the character-
istics of film forming capability, adequate film adhesion, 1n
embodiments, adequate film adhesion to glass substrates,
ability to accept conductive ink, in embodiments silver 1nk,
wherein a film formed from the interlayer allows desired
adhesion of conductive ink to the film, non-polar solvent
based silver ink wettability, and desired conductivity. In
embodiments, what 1s desired 1s an interlayer composition
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providing a combination of these desired characteristics; that
1s, an interlayer composition that provides all of the follow-
ing characteristics: film forming ability, film adhesion to
glass, ik adhesion to film, non-polar solvent based ink
wettability, and desired conductivity. Further, a need
remains for a high performance printed organic thin film
transistor (OTFT) and improved method for preparing same,
providing a controllable line width with a minimal line-to-
line spacing which 1s required for the OTFT source and drain
clectrode printing. In addition, a need remains for an
improved device and process providing electric properties,
such as charge-trapping and emission at the interface of the
interlayer and a semiconductor. Further, a need remains to
address the 1ssue that organic thin-film transistors (OTFT)
have low electron or hole mobility. Because of this low
mobility, the desired device performance requires a large
ratio of the thin-film transistor (TFT) channel width to
channel length (W/L). In order to achieve a high transistor
current during device on state, a need remains for improved
devices and processes to make the channel length, which 1s
the dimension of the gap between the source and drain
clectrodes, as small as possible.

The appropriate components and process aspects of the
cach of the foregoing U.S. patents and patent Publications
may be selected for the present disclosure 1n embodiments
thereof. Further, throughout this application, various publi-
cations, patents, and published patent applications are
referred to by an identifying citation. The disclosures of the
publications, patents, and published patent applications ref-
erenced 1n this application are hereby incorporated by ret-

erence 1nto the present disclosure to more fully describe the
state of the art to which this invention pertains.

SUMMARY

Described 1s a device comprising a substrate; an interlayer
disposed on the substrate, wherein the interlayer comprises
a cured film formed from an interlayer composition, wherein
the interlayer composition comprises: an epoxy compound;
a polyvinyl phenol; a melamine resin; a solvent; an optional
surfactant; and an optional catalyst; a source electrode and
a drain electrode disposed on a surface of the interlayer; a
semiconductor layer disposed on the interlayer, wherein the
semiconductor layer 1s disposed 1nto a gap between and over
the source and drain electrode; a back channel interface
comprising an interface between the semiconductor layer
and the interlayer, wherein the interlayer serves as a back
channel dielectric layer for the device; a gate dielectric layer
disposed on the semiconductor layer; and a gate electrode
disposed on the dielectric layer.

Also described 1s a process for preparing a device com-
prising providing a substrate; disposing an interlayer com-
position on to the substrate, wherein the interlayer compo-
sition comprises: an epoxy compound; a polyvinyl phenol;
a melamine resin; a solvent; an optional surfactant; and an
optional catalyst; treating the interlayer composition to form
a cured interlayer film; disposing a source electrode and a
drain electrode on a surface of the interlayer; disposing a
semiconductor layer on the interlayer, wherein the semicon-
ductor layer 1s disposed into a gap between and over the
source and drain electrode; wherein the interlayer serves as
a back channel dielectric layer for the device and wherein
the interlayer serves as a back channel interface comprising,
an interface between the semiconductor layer and the inter-
layer; disposing a dielectric layer on the semiconductor
layer; and disposing a gate electrode on the dielectric layer.
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Also described 1s an organic thin film transistor compris-
ing a substrate; an interlayer disposed on the substrate,
wherein the interlayer comprises a cured film formed from
an interlayer composition, wherein the interlayer composi-
tion comprises: an epoxy compound; a polyvinyl phenol; a
melamine resin; a solvent; an optional surfactant; and an
optional catalyst; a source electrode and a drain electrode
disposed on a surface of the interlayer; a semiconductor
layer disposed on the interlayer, wherein the semiconductor
layer 1s disposed 1nto a gap between and over the source and
drain electrode; a back channel interface comprising an
interface between the semiconductor layer and the inter-
layer, wherein the interlayer serves as a back channel
dielectric layer for the device; a dielectric layer disposed on
the semiconductor layer; a gate electrode disposed on the
dielectric layer; wherein the thin film transistor has current
on-off ratio of at least about 107>.

Also described 1s an iterlayer composition comprising an
epoxy compound, wherein the epoxy compound i1s an ali-
phatic epoxy compound or epoxy polymer made therefrom,
and wherein the aliphatic epoxy compound 1s a compound of
the formula

wherein X 1s a saturated or unsaturated, linear, branched or
cyclic aliphatic group having 1 to 60 carbon atoms and at
least one oxygen atom; wherein Y 1s selected from the group
consisting of a glycidyl group, an epoxy group, an oxyalkyl
(—OR) group, and a hydroxyl group, wherein R 1s an alkyl;
wherein R’ is selected from the group consisting of hydro-
gen, alkyl, or OR®, wherein R* is a C, to C, alkyl group or
an epoxy group; wherein m 1s from about 1 to about 10;
wherein n 1s from about 1 to about 20; and wherein q 1s from
about 0 to about 10; a polyvinyl phenol; a melamine resin;
a solvent; an optional surfactant; and an optional catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a top gate organic thin
{llm transistor.

FI1G. 2 illustrates a microscope 1mage of printed Ag lines
printed onto an epoxy interlayer in accordance with the
present embodiments.

FIG. 3A 1illustrates processing steps for preparing an
organic thin film transistor with the interlayer dielectric as
the back channel interface material 1n accordance with the
present embodiments.

FIG. 3B illustrates further processing steps for preparing,
an organic thin film transistor in accordance with the present
embodiments.

FI1G. 3C illustrates further processing steps for preparing
an organic thin film transistor in accordance with the present
embodiments.

FI1G. 3D 1llustrates further processing steps for preparing
an organic thin film transistor in accordance with the present
embodiments.

FIG. 3E illustrates further processing steps for preparing
an organic thin film transistor 1n accordance with the present
embodiments.
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FIG. 4 1s a graph 1llustrating transistor transier character-
1stics.

DETAILED DESCRIPTION

In embodiments, an organic thin film transistor device 1s
provided comprising an interlayer, which 1s a cured/cross-
linked film formed from a mixture composition. The mixture
composition comprises a specific epoxy composition.
Unlike other commercially available epoxy coating materi-
als, the 1mterlayer composition herein offers superior wetta-
bility for deposition of electrodes with well-defined line
width and line-to-line spacing, and significantly improved
adhesion for ink jet printed silver traces. In addition, the
organic transistor device shows low ofl-state leakage current
and good sub-threshold slope, indicating that the interlayer
provides the desired property as the back channel dielectric.

In order to achieve a high transistor current during device

on state, 1t 1s desired to make the channel length, which 1s the
dimension of the gap between the source and drain elec-
trodes, as small as possible. In embodiments herein, this 1s
a achieved by using a specific interlayer coating to control
the conductive ink contact angle and wettability to form well
defined conductive line width and line-to-line spacing. In
addition to controlling the conductive ink wettability, the
interlayer serves as the back channel dielectric material for
OTET.

In embodiments, a device 1s provided comprising a sub-
strate; an interlayer disposed on the substrate, wherein the
interlayer comprises a cured film formed from an interlayer
composition, wherein the interlayer composition comprises:
an epoxy compound; a polyvinyl phenol; a melamine resin;
a solvent; an optional surfactant; and an optional catalyst; a
source electrode and a drain electrode disposed on a surface
of the interlayer; a semiconductor layer disposed on the
interlayer, wherein the semiconductor layer 1s disposed into
a gap between and on the top surface of the source and drain
clectrode; a back channel interface comprising an interface
between the semiconductor layer and the interlayer, wherein
the interlayer serves as a back channel dielectric layer for the
device; a dielectric layer disposed on the semiconductor
layer; a gate electrode disposed on the dielectric layer. In
embodiments, the semiconductor layer 1s disposed 1nto a gap
between the source and drain electrode and over at least a
portion of the top surface of each of the source and drain
clectrode.

An organic thin film transistor device 1s described com-
prising a specific interlayer and a method for making the
same. In embodiments, the interlayer comprises a cured/
cross-linked film formed from a mixture of epoxy and
polyvinyl phenol polymer as well as melamine resin. In
embodiments, the interlayer composition comprises:

an epoxy compound;

a polyvinyl phenol;

a melamine resin; and

an optional catalyst.

In embodiments, the interlayer composition comprises an
aliphatic epoxy compound of the following formula, or an
epoxy polymer made therefrom:

O i XHY]Q
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where X can be a saturated or unsaturated, linear,
branched or cyclic aliphatic group having 1 to 70 carbon
atoms, such as 1 to 60, 1 to 30, 2 to 20 or 2 to 10 carbon
atoms, and at least one oxygen atom; Y can be defined as a
glycidyl group, epoxy group, oxyalkyl (—OR) group or
hydroxyl group; R can be an alkyl, such as C, to C; alkyl;

R' can be a hydrogen atom, an alkyl, such as C, to C,, alkyl,
or an —OR,, group, where R, can be a C, to C, alkyl or an
epoxy group; m ranges from 1 to 10, such as 1 to 5; n ranges
from 1 to 20, such as 1 to 5 and g ranges from O to 10, such
as 1 to 5. In one embodiment, m and g are both 1. In another
embodiment, m, n and g are all 1. The at least one oxygen
atom 1n the aliphatic group X can be included as any oxygen
contaiming group, including, but not limited to, glycidyl
groups, epoxy groups, ether groups, carbonyl groups, car-
boxylic acid ester groups, hydroxyl groups, oxyalkyl
(—OR) groups and combinations thereof.
In embodiments, X 1s of the formula

)\rOJ\, AON /X\o/

In embodiments, Y 1s an epoxy group of the formula:

In certain embodiments, X 1s a saturated or unsaturated,
linear, branched or cyclic aliphatic group having 1 to 60
carbon atoms and at least one oxygen atom; Y 1s selected
from the group consisting of a glycidyl group, an epoxy
group, an oxyalkyl (—OR) group, and a hydroxyl group,
wherein R is an alkyl; wherein R' is selected from the group
consisting of hydrogen, alkyl, or OR?, wherein R* is a C, to
C,; alkyl group or an epoxy group; m 1s from about 1 to about
10; n 1s from about 1 to about 20; and g 1s from about 0 to
about 10.

In embodiments, the interlayer composition comprises an

epoxy compound of the following formula, or an epoxy
polymer made therefrom:

R! R?

A)\ /I\A
0—FX+—0

wherein X comprises an aliphatic group having from at
least 2 to about 20 carbon atoms, wherein the aliphatic group
can be a saturated or unsaturated, linear, branched or cyclic
aliphatic group, and wherein X 1s iree of aromatic moieties,
and wherein n 1s from about 1 to about 20; such as 1 to 5,
wherein R, and R, are each independently selected from the
group consisting of a hydrogen atom, an alkyl group, 1n
embodiments a C, to C, alkyl, an OR” group, wherein R” can
be selected from the group consisting of a C, to C; alkyl
group, a glycidyl group, and an epoxy group.
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In certain embodiments, the epoxy comprises one or more
of the following aliphatic compounds or an epoxy polymer
made therefrom, where the aliphatic compounds are selected
from compounds of the formula:

1.4-Butanediyl diglycidyl ether of the formula

(VAN

O
O
1,6-Hexanediol diglycidyl ether of the formula

A/O\/\/\/\o%

O

1,4-Cyclohexanedimethanol diglycidyl ether of the for-
mula

/\O%"

O

N/~

O

Neopentyl glycol diglycidyl ether of the formula

W/\O/Y\O%;
0 L, CHa 0

1,2,3-Propanetriol glycidyl ethers of the formula

OR R:H
O&/O\)\/OR %O;

Trimethylolpropane triglycidyl ether of the formula
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epichlorohydrin polymer of the formula

Pentaerythritrol polyglycidyl ether of the formula

Poly(ethylene glycol) diglycidyl ether of the formula
O
W/\h:) /\4( \/v
O

wherein n 1s from 1 to 15, such as 1 to 10, or from 3 to
9, 1n embodiments, from 2 to 15; and

Poly(propylene glycol) diglycidyl ether of the formula
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wherein n 1s from 1 to 15, such as 1 to 10, or from 3 to
9, or from 2 to 135, 1n embodiments from 2 to 10.

More examples of suitable aliphatic glycidyl epoxy
include C12-C14 glycidyl ether, Ethylhexylgylcidylether,
Polyglycerol-3-glycidyl ether, Cyclohexanedimethanol-
diglycidyl ether, Glycerol-trigylcidyl ether, Penthaerythri-
tol-polyglycidyl ether, 2-Ethyhexyl-glycidyl ether; Tris-(hy-
droxyl phenyl)-methane-based epoxy and cycloaliphatic
epoxides. Commercially available epoxies include GNS
SG-8008, GNS SG-8116 and the POLYPDX™ family of
glycidyl ethers, such as POLYPDX™ R3, POLYPDX™ R6,
POLYPDX™ R7, POLYPDX™ R9, POLYPDX™ RI11,
POLYPDX™ R12, POLYPDX™ R14, POLYPDX™ R16,
POLYPDX™ R17, POLYPDX™ R18, POLYPDX™ R19,
POLYPDX™ R20 and POLYPDX™ R24, all of which are
available from DOW Chemical Company of Midland, Mich.

Any suitable or desired polyvinyl phenol can be selected
for the compositions herein. In embodiments, the polyvinyl
phenol 1s selected from the group consisting ol poly(4-
vinylphenol), poly(vinylphenol)/poly(methyl acrylate), poly
(vinylphenol)/poly(methyl methacrylate), poly(4-vinylphe-
nol)/poly(vinyl methyl ketone), and combinations thereof.

Any suitable or desired melamine resin can be selected for
the compositions herein. In embodiments, the melamine
resin comprises a poly(melamine-co-formaldehyde) based
polymer. In embodiments, the melamine resin 1s selected
from the group consisting of poly(melamine-co-formalde-
hyde), methylated poly(melamine-co-formaldehyde), buty-
lated poly(melamine-co-formaldehyde), 1sobutylated poly
(melamine-co-formaldehyde), acrylated poly(melamine-co-
formaldehyde), methylated/butylated poly(melamine-co-
formaldehyde), and combinations thereof.

The epoxy composition for forming the interlayer film
may further include a solvent. Any suitable or desired
solvent can be selected for the present interlayer composi-
tions. In embodiments, the solvent 1s selected from the group
consisting of propylene glycol methyl ether acetate, propyl-
ene glycol monomethyl ether acetate, toluene, methyl 1sobu-
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tyl ketone, butylacetate, methoxypropylacetate, xylene,
tripropyleneglycol monomethylether, dipropyleneglycol
monomethylether, propoxylated neopentylglycoldiacrylate,
and combinations thereof.

In embodiments, the solvent can be a non-polar organic
solvent selected from the group consisting of hydrocarbons
such as alkanes, alkenes, alcohols having from about 7 to
about 18 carbon atoms such as undecane, dodecane, tride-
cane, tetradecane, hexadecane, 1-undecanol, 2-undecanol,
3-undecanol, 4-undecanol, 5-undecanol, 6-undecanol, 1-do-
decanol, 2-dodecanol, 3-dedecanol, 4-dedecanol, S-dodeca-
nol, 6-dodecanol, 1-tridecanol, 2-tridecanol, 3-tridecanol,
4-tridecanol, S-tridecanol, 6-tridecanol, 7-tridecanol, 1-tet-
radecanol, 2-tetradecanol, 3-tetradecanol, 4-tetradecanol,
S-tetradecanol, 6-tetradecanol, 7-tetradecanol, and the like;
alcohols such as terpineol (a-terpineol), 3-terpineol, geran-
10l, cineol, cedral, linalool, 4-terpineol, 3,7-dimethylocta-2,
6-dien-10l, 2-(2-propyl)-5-methyl-cyclohexane-1-ol;
1soparathnic hydrocarbons such as 1sodecane, 1sododecane;
commercially available mixtures of isoparaflins such as
Isopar™ E, Isopar™ G, Isopar'™ H, Isopar'™ L, Isopar'™ V,
Isopar™ (G, manufactured by Exxon Chemical Company;
Shellsol® manufactured by Shell Chemical Company; Sol-
trol® manufactured by Chevron Phillips Chemical Com-
pany; Begasol® manufactured by Mobil Petroleum Co.,
Inc.; IP Solvent 2835 manufactured by Idemitsu Petrochemi-
cal CO., Ltd; naphthenic oils; aromatic solvents such as
benzene, nitrobenzene, toluene, ortho-, meta-, and para-
xylene, and mixtures thereof; 1,3,5-trimethylbenzene (mesi-
tylene); 1,2-, 1,3-, and 1,4-dichlorobenzene and mixtures
thereol, trichlorobenzene; cyanobenzene; phenylcyclo-
hexane and tetralin; aliphatic solvents such as 1sooctane,
nonane, decane, dodecane; cyclic aliphatic solvents such as
dicyclohexyl and decalin; and mixtures and combinations
thereof.

In embodiments, two or more solvents can be used.

The solvent can be provided 1n the interlayer composition
in any suitable or desired amount. In embodiments, the
solvent 1s present 1n an amount of from about 50 to about 90
percent, or from about 60 to about 80 percent, or from about
70 to about 80 percent, by weight, based on the total weight
of the interlayer composition.

The epoxy composition for forming the mterlayer film
may further include a surfactant. Any suitable or desired
surfactant can be selected for the present interlayer compo-
sitions. The surfactant may be used to improve the film
quality. In embodiments, the surfactant 1s selected from the
group consisting of a silicone modified polyacrylate, a
polyester modified polydimethylsiloxane, a polyether modi-
fied polydimethylsiloxane, a polyacrylate modified poly-
dimethylsiloxane, a polyester polyether modified polydim-
cthylsiloxane, a low molecular weight ethoxylated
polydimethylsiloxane, polyether modified polydimethylsi-
loxane, polyester modified polymethylalkylsiloxane,
polyether modified polymethylalkylsiloxane, aralkyl modi-
fied polymethylalkylsiloxane, polyether modified polymeth-
ylalkylsiloxane, polyether modified polydimethylsiloxane,
and combinations thereof.

In embodiments, the surfactant 1s a solvent based silox-
ane. In embodiments, the surfactant 1s a silicone modified
polyacrylate. In embodiments, the concentration of the sur-
factant can be from about 0.01 weight percent to about 2
welght percent, or from about 0.1 weight percent to about
1.5 weight percent, or from about 0.5 weight percent to
about 1 weight percent. The surfactant can be a polysiloxane
copolymer that includes a polyester modified polydimeth-
ylsiloxane, commercially available from BYK Chemical
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with the trade name of BYK® 310; a polyether modified
polydimethylsiloxane, commercially available from BYK
Chemical with the trade name of BYK® 330; a polyacrylate
modified polydimethylsiloxane, commercially available
from BYK Chemical with the trade name of BYK®-SIL-
CLEAN 3700 (about 25 weight percent in methoxypropy-
lacetate); or a polyester polyether modified polydimethylsi-
loxane, commercially available from BYK Chemical with
the trade name of BYK® 375. The surfactant can be a low
molecular weight ethoxylated polydimethylsiloxane with
the trade name Silsurf® AQ08 available from Siltech Cor-
poration. For further detail, see U.S. patent application Ser.
No. 13/716,892, filed Dec. 17, 2012, of Liu et al., which 1s
hereby incorporated by reference herein in its entirety.

In embodiments, the surfactant 1s present and 1s selected
from the group consisting of a polyester modified polydim-
cthylsiloxane, a polyether modified polydimethylsiloxane, a
polyacrylate modified polydimethylsiloxane, a polyester
polyether modified polydimethylsiloxane, a low molecular
weight ethoxylated polydimethylsiloxane, and combinations
thereof.

The surfactant can be provided 1n the interlayer compo-
sition 1n any suitable or desired amount. In embodiments,
the surfactant 1s present in an amount of from about 0.01 to
about 2 percent, from about 0.1 to about 1.5 percent, or {from
about 0.5 to about 1 percent, by weight, based on the total
weight of the interlayer composition.

The interlayer composition can optionally comprise a
catalyst. Any suitable or desired catalyst can be selected for
the present interlayer compositions. In embodiments, the
catalyst 1s selected from the group consisting of amine salts
of dodecylbenzene sulionic acid (DDBSA), para toluene
sulfonic acid, triflouromethane sulfonic acid, and combina-
tions thereof.

The catalyst can be provided 1n the interlayer composition
in any suitable or desired amount. In embodiments, the
catalyst 1s present 1n an amount of from about 0.05 to about
1.5 percent, or from about 0.08 to about 1.0 percent, or from
about 0.1 to about 0.5 percent, by weight, based on the total
weight of the mterlayer composition.

A cured film can be prepared from the present interlayer
composition. The cured film has very good uniformity with
less than 50 nanometers roughness as measured by Profi-

lometers manufactured by NANOVEA®. In embodiments,
the cured film thickness 1s from about 0.2 to about 5
micrometers and possesses a water contact angle of from
about 65 degrees to about 95 degrees.

The present disclosure also encompasses a method for
preparing the interlayer for transistor applications. In
embodiments, a process for preparing a device comprises
providing a substrate; disposing an interlayer composition
on to the substrate, wherein the interlayer composition
comprises: an epoxy compound; a polyvinyl phenol; a
melamine resin; a solvent; an optional surfactant; and an
optional catalyst; treating the interlayer composition to form
a cured interlayer film; disposing a source electrode and a
drain electrode on a surface of the interlayer; disposing a
semiconductor layer on the interlayer, wherein the semicon-
ductor layer 1s disposed into a gap between and over the
source and drain electrode; wherein the interlayer serves as
a back channel dielectric layer for the device and wherein
the interlayer serves as a back channel interface comprising,
an interface between the semiconductor layer and the inter-
layer; disposing a gate dielectric layer on the semiconductor
layer; and disposing a gate electrode on the dielectric layer.
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FIG. 1 illustrates an example of disposing the semiconductor
layer into a gap between and over at least a portion of the
source and drain electrode.

In embodiments, the method comprises:

providing an epoxy interlayer composition as described
herein, in embodiments, comprising an epoxy compound of
formula (I), a polyvinyl phenol, a melamine resin, an
optional catalyst, and a solvent;

disposing the epoxy interlayer composition onto a surface
of an transistor; and

thermally curing the disposed interlayer composition
layer to form a cured interlayer film.

Further, a device containing the present epoxy interlayer
composition can be prepared by any suitable or desired
method. In embodiments, a process for forming conductive
features on a substrate comprises depositing an interlayer
composition as described herein onto a substrate; curing the
interlayer to form an 1nterlayer film; depositing a conductive
composition onto the interlayer film to form deposited
features; heating (or annealing) the deposited features to
form conductive features.

Any suitable or desired material can be used to form the
conductive features. In embodiments, a metal nanoparticle
ink composition 1s selected. Xerox Corporation has devel-
oped 1nk jet inks, tlexographic inks, and gravure 1nks based
on silver nanoparticle technology. These inks can be selected
for embodiments herein. U. S. Patent Publication 2014/
0312284 (application Ser. No. 13/866,704, which 1s hereby
incorporated by reference herein 1n 1its entirety, describes 1n
the Abstract thereol a nanosilver ink composition including
silver nanoparticles; a small amount of polymeric maternal
(optional) and an ink vehicle. A process for preparing a
nanosilver ik composition i1s described comprising com-
bining silver nanoparticles, a small amount of polymeric
material (optional) and an 1nk vehicle. A process for forming,
conductive features on a substrate using ink jet printing
processes 1s described comprising providing a nanosilver ink
composition comprising silver nanoparticles; a small
amount of polymeric material (optional) and an 1nk vehicle;
depositing the nanosilver ink composition onto a substrate to
form deposited features; and heating the deposited features
on the substrate to form conductive features on the substrate.

U.S. Pat. No. 8,324,294, which 1s hereby incorporated by
reference herein in its entirety, describes in the Abstract
thereol a nanosilver ik composition including silver nano-
particles; a resin; and an ink vehicle. A process for forming
conductive features on a substrate i1s described including
providing a nanosilver ik composition comprising silver
nanoparticles, a resin and an ink vehicle; depositing the
nanosilver ink composition onto a substrate to form depos-
ited features; and heating the deposited features on the
substrate to form conductive features on the substrate. Inks
have been successfully formulated in non-polar solvents
such as decalin and bicyclohexyl and successtully printed
using inkjet printing technologies.

The interlayer and any layer or layers including conduc-
tive layers disposed thereon can be provided using any
suitable or desired method. In embodiments, depositing the
interlayer comprises solution depositing the interlayer, and
wherein, 1n embodiments, solution depositing comprises a
method selected from the group consisting of spin coating,
dip coating, spray coating, slot die coating, flexographic
printing, oflset printing, screen printing, gravure printing,
ink jet printing, and combinations thereof.

The depositing of the interlayer composition, and/or the
optionally the nanoparticle ink composition or other layers
provided on the device, may be performed for example, by
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solution depositing. Solution depositing, for example, refers
to a process where a liquid 1s deposited upon the substrate
to form a coating or layer. This 1s in contrast to vacuum
depositing processes. The present processes are also difler-
ent from other solution-based processes, for example elec-
troplating, which requires a plate to remain 1mmersed 1n a
solution and also requires exposure to an electric current to
form a metal coating on the plate. The present process also
offers several advantages compared to other process such as
decreasing the amount of waste and decreasing the amount
of time necessary to coat a substrate. Solution depositing
includes, for example, spin coating, dip coating, spray
coating, slot die coating, flexographic printing, oflset print-
Ing, screen printing, gravure printing, or ik jet printing the
interlayer composition onto the substrate.

In embodiments, disposing the interlayer composition
comprises solution depositing the interlayer composition,
and wherein the solution depositing comprises a method
selected from the group consisting of spin coating, dip
coating, spray coating, slot die coating, flexographic print-
ing, oilset printing, screen printing, gravure printing, ink jet
printing, aerosol printing, and combinations thereof. In
embodiments, disposing the interlayer composition com-
prises spin coating. In certain embodiments, disposing the
interlayer composition comprises ik jet printing, aerosol
printing, or a combination thereof.

In embodiments, a hybrid process herein comprises
wherein the layers are formed from a combination of solu-
tion processing techniques such as ink jet printing and
conventional techniques such as spin coating, vacuum depo-
sition coating, and screen printing. In embodiments, a pro-
cess herein comprises a hybrid process wherein the source
and drain electrodes, the semiconductor layer, and the gate
clectrodes are disposed by ink jet printing; and wherein the
interlayer composition and dielectric layer are disposed by
conventional processes selected from the group consisting of
spin coating, vacuum deposition coating, and screen print-
ing. In certain embodiments, a process herein comprises a
hybrid process wherein the source and drain electrodes, the
semiconductor layer, and the gate electrodes are disposed by
ink jet printing; and wherein the interlayer composition and
dielectric layer are disposed by processes selected from the
group consisting of spin coating, vacuum deposition coat-
Ing, screen printing, gravure printing, ink jet printing, aero-
sol printing, and combinations thereof.

The film formed from the interlayer composition can be
coated at any suitable or desired thickness. In embodiments,
the dried film thickness of the interlayer 1s from about 0.2 to
about 5 micrometers, or from about 0.5 to about 3 microm-
eters, or from about 0.75 to about 1 micrometers. In a
specific embodiment, the coating thickness of the interlayer
1s from about 0.2 to about 1 micrometer.

The device can possess, 1n embodiments, the properties of
the interlayer composition and film formed therefrom as
described herein. In embodiments, the device includes a
thermally cured film prepared from the interlayer composi-
tion wherein the thermally cured film possesses a water
contact angle of from about 65 degrees to about 95 degrees.
In embodiments, the thermally cured film possesses a sur-
face roughness of from about 1 nanometer to about 10
nanometers. In embodiments, the thermally cured film has a
glass transition temperature of from about minus 10° C. to
about 100° C. In embodiments, the thermally cured film has
a thickness of from about 0.1 micron (micrometer) to about
S5 microns (micrometers).

The film can be thermally cured at any suitable or desired
temperature. In embodiments, thermal curing can comprise
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curing at a temperature range of from about 120° C. to about
160° C. for any suitable or desired amount of time, 1n
embodiments for from about 2 hours to about 6 hours. In
embodiments, a cured film 1s provided by thermally curing
the interlayer composition described herein at a temperature
of from about 100° C. to about 200° C.

The device and process herein can comprise forming
conductive {features from a metal ink composition. In
embodiments, the conductive composition comprises a
metal nanoparticle ink composition. The fabrication of con-
ductive features, such as an electrically conductive element,
from a metal ik composition, for example, from a nano-
particle metal ink, such as a nanosilver ink composition, can
be carried out by depositing the composition on a substrate
using any suitable deposition technique including solution
processing and flexographic and gravure printing processes
at any suitable time prior to or subsequent to the formation
of other optional layer or layers on the substrate. Thus
deposition of the ink composition on the substrate can occur
cither on a substrate or on a substrate already containing
layered material, for example, a substrate having disposed
thereon the present interlayer composition.

The substrate may be any suitable substrate including
silicon, glass plate, plastic film, sheet, fabric, or synthetic
paper. For structurally flexible devices, plastic substrates
such as polyester, polycarbonate, polyimide sheets, polyeth-
ylene terephthalate (PET) sheet, polyethylene naphthalate
(PEN) sheet, and the like, may be used. The thickness of the
substrate can be any suitable thickness such as about 10
micrometers to over 10 millimeters with an exemplary
thickness being from about 50 micrometers to about 2
millimeters, especially for a flexible plastic substrate, and
from about 0.4 to about 10 millimeters for a rigid substrate
such as glass or silicon. In embodiments, the substrate 1s
selected from the group consisting of silicon, glass plate,
plastic film, sheet, fabric, paper, and combinations thereof.

In embodiments, a device herein can comprise a substrate,
an 1nterlayer disposed thereover, and a conductive ink
composition disposed over the interlayer.

Heating the deposited conductive ink composition can be
to any suitable or desire temperature, such as to from about
70° C. to about 200° C., or any temperature suilicient to
induce the metal nanoparticles to “anneal” and thus form an
clectrically conductive layer which 1s suitable for use as an
clectrically conductive element 1n electronic devices. The
heating temperature 1s one that does not cause adverse
changes 1n the properties of previously deposited layers or
the substrate. In embodiments, use of low heating tempera-
tures allows use of low cost plastic substrates which have an
annealing temperature of below 140° C.

The heating can be for any suitable or desire time, such as
from about 0.01 second to about 10 hours. The heating can
be performed in air, in an inert atmosphere, for example
under nitrogen or argon, or in a reducing atmosphere, for
example, under nitrogen containing from about 1 to about 20
percent by volume hydrogen. The heating can also be
performed under normal atmospheric pressure or at a
reduced pressure of, for example, about 1000 mbars to about
0.01 mbars.

Heating encompasses any technique that can impart sui-
ficient energy to the heated material or substrate to (1)
annecal the metal nanoparticles and/or (2) remove the
optional stabilizer from the metal nanoparticles. Examples
of heating technmiques include thermal heating (for example,
a hot plate, an oven, and a burner), infra-red (“IR”) radiation,
laser beam, flash light, microwave radiation, or ultraviolet
(“UV”) radiation, or a combination thereof.
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In embodiments, after heating, the resulting electrically
conductive line has a thickness ranging from about 0.1 to
about 20 micrometers, or from about 0.15 to about 10
micrometers. In certain embodiments, after heating, the
resulting electrically conductive line has a thickness of from
about 0.1 to about 2 micrometers.

The conductivity of the resulting metal element produced
by heating the deposited metal ink composition 1s, for
example, more than about 100 Siemens/centimeter (S/cm),
more than about 1,000 S/cm, more than about 2,000 S/cm,
more than about 5,000 S/cm, more than about 10,000 S/cm,
or more than about 50,000 S/cm.

The resulting elements can be used for any suitable or
desired application, such as for electrodes, conductive pads,
interconnects, conductive lines, conductive tracks, and the
like, 1n electronic devices such as thin film transistors,
organic light emitting diodes, RFID tags, photovoltaic, dis-
plays, printed antenna, and other electronic devise which
required conductive elements or components.

In embodiments, a device herein comprises an organic
thin film transistor comprising a substrate; an interlayer
disposed on the substrate, wherein the interlayer comprises
a cured film formed from an interlayer composition, wherein
the interlayer composition comprises: an epoxy compound;
a polyvinyl phenol; a melamine resin; a solvent; an optional
surfactant; and an optional catalyst; a source electrode and
a drain electrode disposed on a surface of the interlayer; a
semiconductor layer disposed on the interlayer, wherein the
semiconductor layer 1s disposed into a gap between and on
a top surface of the source and drain electrode; a back
channel 1interface comprising an interface between the semi-
conductor layer and the interlayer, wherein the interlayer
serves as a back channel dielectric layer for the device; a
dielectric layer disposed on the semiconductor layer; a gate
clectrode disposed on the dielectric layer; wherein the thin
film transistor has a current on-ofl ratio of at least about
107>,

In embodiments, a channel formed by the gap between the
source and drain electrodes has a large ratio of channel width
to channel length.

In embodiments, the thin film transistor has a sub-thresh-
old slope of less than about 1 V/dec. In embodiments, the

thin film transistor has a sub-threshold slope of about 0.6
Videc.

In embodiments, the interlayer herein provides a proper
wettability for silver inks to form well defined line width and
line-to-line spacing. In embodiments, the line spacing 1s less
than about 35 um. In embodiments, the interlayer provides
a wettability suflicient to enable formation of a silver ik line
spacing of less than about 35 um.

In embodiments, the interlayer cured film has a roughness
of less than 50 nanometers as measured by Profilometers
manufactured by NANOVEA®.

In embodiments, the interlayer cured film has a thickness
of from about 0.2 to about 5 micrometers.

In embodiments, the interlayer cured film has a water
contact angle of from about 65 degrees to about 95 degrees.

EXAMPLES

The following Examples are being submitted to further
define various species of the present disclosure. These
Examples are intended to be illustrative only and are not
intended to limit the scope of the present disclosure. Also,
parts and percentages are by weight unless otherwise indi-
cated.
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Example 1

Interlayer compositions were prepared having the com-
ponents provided in the weight percentage of each compo-
nent as described below.

Interlayer Components and Formulation.

10-50% by weight of Poly(propylene glycol) diglycidyl
cther (PLGDE) Mn=380-2000; from Sigma-Aldrich.

5-20% by weight Poly(melamine-co-formaldehyde)
methylated, solution from Sigma-Aldrich, average Mn~432,
84 wt. % 1n 1-butanol.

5-30% by weight Poly(4-vinylphenol) (PVP powder);
average Mw~25,000.

20-80% by weight Propylene glycol methyl ether acetate
(PGMEA) CAS#108-65-6 from Sigma-Aldrich.

Solution Preparation.

Step 1. A 10 to 30% poly(4-vinylphenol) (PVP) solution

was prepared as follows. 70 to 90 grams propylene glycol
methyl ethyl acetate (PGMEA) solvent were charged into a
glass bottle, followed by slowly adding 10 to 30 grams PVP
into the solvent with magnetic stirring at a speed of about

250 rpm/minute to around 500 rpm/minute. The stirring was
continued for about one to two hours until the PVP was
totally dissolved in PGMEA solvent and the solution was
clear.

Step 2. The interlayer composition components were then
combined as follows. The components were combined 1n a
glass bottle 1n the amounts shown, as follows. The rest of the
solvent was loaded 1nto a glass bottle first, followed by the
addition of the epoxy resin (Poly(propylene glycol) digly-
cidyl ether), the resin was totally dispersed in the solvent,
followed by adding the Poly(melamine-co-formaldehyde)
methylated, solution (PMMF) and dispersing the PMMEF in
the mixture before loading the PVP solution. The mixture
was then roll-milled at 175 RPM for at least 2 hours.

Step 3. The interlayer solution was coated on different
substrates such as glass, polycarbonate (PC), polyethylene
terephthalate (PET), polyethylene-naphthalate (PEN) film.
The coating was cured at 120° C. for about 1-5 hours. The
coated film thickness after cured 1s from 200 nm to around
S microns.

Example 2

Ink jet printing silver traces on the interlayer.

Samples were prepared by spin coating each of the
interlayer formulations at 1600 RPM for 60 seconds, on
polyethylene naphthalate (PEN) substrates. Subsequently,
the samples were cured at 160° C. for 5 hours 1n a vacuum
oven.

Silver Nanoparticle Ink Composition.

A silver nanoparticle ink was prepared as described in U.
S

Patent Publication 2014/0312284 (application Ser. No.
13/866,704, which 1s hereby incorporated by reference
herein 1n its entirety.

The silver nanoparticle ink composition was prepared by
mixing silver nanoparticle powders with a solvent mixture
of bicyclohexane and phenylcyclohexane at a 3:2 ratio. The
silver nanoparticles are 50 weight percent of the silver
formulation. After the silver nanoparticles were mixed into
the solvents, the composition was filtered using a 1.0 um
syringe {ilter. The composition was printed using a DMP-
2800 1nk jet printer equipped with 10 pL cartridges. After
printing and thermal annealing, the highly conductive fea-
tures were formed.
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Silver nano particle ink (from Colloidal, with 15% Ag
loading) was printed onto the surface of the interlayer, with
droplet spacing of 42 millimeters.

FIG. 2 illustrates a microscope 1image of printed Ag lines.
The line width and height are 50 nanometers and 300
nanometers respectively. The gap between each electrode 1s
about 30 millimeters. The printed traces conducted well after
sintering at 120° C. for 30 minutes.

FIGS. 3A-3FE illustrate processing steps for preparing an
organic thin film transistor 10 with the interlayer dielectric
14 serving as the back channel interface material. The
process starts with coating the interlayer dielectric 14 over
a substrate 12 as shown mn FIG. 3A. A typical coating
condition 1s spin coating at 1600 RPM for 60 seconds. The
layer 1s cured by thermal annealing at 160° C. for 5 hours.
Next, the device source 16 and drain electrodes 18 are
formed on the surface of the interlayer dielectric 14, such as
by 1k jetting silver nanoparticle 1nk, such as Colloidal 1nk
with 15% silver loading. Gap 20 exists between source 16
and drain 18 electrodes. Since the interlayer dielectric 14 has
a proper wettability with the Ag ink, the printed trace 1s well
defined with about 30 millimeter spacing between the source
16 and drain 18 electrode as shown in FIG. 3B. After
sintering at 120° C. for 30 minutes, the printed ink 1s
clectrically conductive. Next, p-type semiconductor ink
such as FlexInkl2 from FlexInk 1s printed onto the gap 20
between the source and drain electrodes to form semicon-
ductor layer 22. The printing was performed at a substrate
temperature of 60° C. See FIG. 3C. After a brief anneal at
120° C. for 10 minutes, a stack of gate dielectric layers 24
were spin coated over the printed semiconductor along with
the rest of the elements on the substrate as shown 1n FI1G. 3D.
The gate dielectric layer 24 includes 50 nanometer Teflon™,
900 nm PVDF-TrFE-CTFE relaxor polymer. Each layer 1s
thermally cured at 120° C. before coating the next layer.
Next, a gate electrode 26 1s formed by 1nk jetting silver nano
particle ink and sintering. See FI1G. 3E. To contact the source
and drain electrode, a laser drill through the gate dielectric
stack was applied and followed by printing Ag pads con-
necting to the source and drain electrodes through the bias
(not shown).

FI1G. 4 shows the OTFT transier characteristics, which has
low off-state leakage current and good sub-threshold slope.
The low ofl-state current results 1 a high current on-off
ratio. This performance indicates that the iterlayer provides
the desired property as the back channel dielectric.

Thus, 1n embodiments, an interlayer coating herein pro-
vides at least two distinctive features for printed OTFTs:

1. a proper wettability for Ag inks to form well defined
line width and line-to-line spacing;

2. service as the back channel dielectric layer for the
transistor. With these features, the performance of OTFTs 1s
dramatically improved.

It will be appreciated that various of the above-disclosed
and other features and functions, or alternatives thereof, may
be desirably combined into many other different systems or
applications. Also that various presently unforeseen or unan-
ticipated alternatives, modifications, variations or improve-
ments therein may be subsequently made by those skilled in
the art which are also intended to be encompassed by the
following claims. Unless specifically recited in a claim,
steps or components ol claims should not be implied or
imported from the specification or any other claims as to any
particular order, number, position, size, shape, angle, color,
or material.
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The 1nvention claimed 1s:

1. A device comprising:

a substrate;

an iterlayer disposed on the substrate, wherein the inter-
layer comprises a cured film formed from an interlayer
composition, wherein the interlayer composition com-
Prises:
an epoxy compound;

wherein the epoxy compound 1s an aliphatic epoxy com-
pound or epoxy polymer made therefrom, wherein the
aliphatic epoxy compound 1s a compound of the for-
mula

-
o
EI;"_ el
v
I-E}I_I

wherein X 1s a saturated or unsaturated, linear, branched
or cyclic aliphatic group having 1 to 60 carbon atoms
and at least one oxygen atom;

wherein Y 1s selected from the group consisting of a
glycidyl group, an epoxy group, an oxyalkyl (—OR)
group, and a hydroxyl group, wherein R 1s an alkyl;

wherein R' is selected from the group consisting of

hydrogen, alkyl, or OR?, wherein R* is a C, to C, alkyl

group Or an €poxy group;

herein m 1s from about 1 to about 10;

herein n 1s from about 1 to about 20; and

herein q 1s from about 0 to about 10;

a polyvinyl phenol;

a melamine resin;

a solvent:

an optional surfactant; and

an optional catalyst;

a source electrode and a drain electrode disposed on a
surface of the interlayer;

a semiconductor layer disposed on the interlayer, wherein
the semiconductor layer 1s disposed into a gap between
and over the source and drain electrode;

a back channel interface comprising an interface between
the semiconductor layer and the interlayer, wherein the
interlayer serves as a back channel dielectric layer for
the device;

a gate dielectric layer disposed on the semiconductor
layer;

a gate electrode disposed on the dielectric layer.

2. The device of claim 1, wherein the substrate 1s selected
from the group consisting of silicon, glass plate, plastic film,
sheet, fabric, and synthetic paper.

3. The device of claim 1, wherein the substrate 1s selected
from the group consisting of polyester, polycarbonate, poly-
imide sheets, polyethylene terephthalate sheet, and polyeth-
ylene naphthalate sheet.

4. The device of claim 1, wherein the polyvinyl phenol 1s
selected from the group consisting of poly(4-vinylphenol),
poly(vinylphenol)/poly(methyl acrylate), poly(vinylphe-
nol)/poly(methyl methacrylate), poly(4-vinylphenol)/poly
(vinyl methyl ketone), and combinations thereof.

5. The device of claim 1, wherein the melamine resin 1s
selected from the group consisting ol poly(melamine-co-
formaldehyde), methylated poly(melamine-co-formalde-
hyde), butylated poly(melamine-co-formaldehyde), 1sobuty-
lated poly(melamine-co-formaldehyde), acrylated poly
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(melamine-co-formaldehyde), methylated/butylated poly
(melamine-co-formaldehyde), and combinations thereof.

6. The device of claam 1, wherein the melamine resin
comprises a poly(melamine-co-formaldehyde) based poly-
mer.

7. The device of claim 1, wherein the cured film 1s formed

by thermally curing the interlayer composition at a tempera-
ture of from about 100° C. to about 200° C.

8. The device of claim 1 , wherein the solvent 1s selected
from the group consisting of propylene glycol methyl ether
acetate, toluene, methyl 1sobutyl ketone, butylacetate,
methoxypropylacetate, xylene, tripropyleneglycol monom-
cthylether, dipropyleneglycol monomethylether, propoxy-
lated neopentylglycoldiacrylate, and combinations thereof.

9. The device of claim 1, wherein the interlayer cured film
has a thickness of from about 0.2 to about 5 micrometers.

10. The device of claim 1, wherein the interlayer cured
film has a water contact angle of from about 65 degrees to
about 95 degrees.

11. The device of claim 1:

wherein the device 1s an organic thin film transistor,
wherein the thin film transistor has a current on-off ratio
of at least about 107°.

12. The device of claim 1:

wherein the device 1s an organic thin film transistor,
wherein the thin film transistor has a sub-threshold
slope of less than about 1 V/dec.

13. A device comprising:
a substrate;

an mterlayer disposed on the substrate, wherein the inter-
layer comprises a cured film formed from an interlayer
composition, wherein the interlayer composition com-
Prises:

an epoxy compound;

wherein the epoxy compound of the interlayer composi-
tion 1s selected from the group consisting of 1.4-
butanediyl diglycidyl ether of the formula

O\/\/\
\ /> o/ﬁ;
O

O

1,6-hexanediol diglycidyl ether of the formula

O
A/O\/\/\/\
O/W;
O

1,4-cyclohexanedimethanol diglycidyl ether of the for-
mula

Y
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neopentyl glycol diglycidyl ether of the formula

O H,C CH; O

1,2,3Propanetriol glycidyl ethers of the formula

trimethylolpropane triglycidyl ether of the formula

epichlorohydrin polymer of the formula
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pentaerythritrol polyglycidyl ether of the formula

poly(ethylene glycol) diglycidyl ether of the formula

wherein n 1s from 2 to 15; and

poly(propylene glycol) diglycidyl ether of the formula
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wherein n 1s from 2 to 10;
a polyvinyl phenol;
a melamine resin;
a solvent;
an optional surfactant; and
an optional catalyst;

a source electrode and a drain electrode disposed on a
surface of the interlayer;

a semiconductor layer disposed on the iterlayer, wherein
the semiconductor layer 1s disposed into a gap between
and over the source and drain electrode;

a back channel mterface comprising an interface between
the semiconductor layer and the 1nterlayer, wherein the
interlayer serves as a back channel dielectric layer for
the device;:

a gate dielectric layer disposed on the semiconductor
layer;

a gate electrode disposed on the dielectric layer.

14. A process for preparing a device comprising:

providing a substrate;

disposing an interlayer composition on to the substrate,
wherein the interlayer composition comprises:
an epoxy compound;

wherein the epoxy compound 1s an aliphatic epoxy com-
pound or epoxy polymer made therefrom, wherein the
aliphatic epoxy compound 1s a compound of the for-
mula

wherein X 1s a saturated or unsaturated, linear, branched
or cyclic aliphatic group having 1 to 60 carbon atoms
and at least one oxygen atom;

wherein Y 1s selected from the group consisting of a
glycidyl group, an epoxy group, an oxyalkyl (—OR)
group, and a hydroxyl group, wherein R 1s an alkyl;

wherein R' is selected from the group consisting of

hydrogen, alkyl, or OR”, wherein R* is a C, to C, alkyl

group Or an €poxy group;

herein m 1s from about 1 to about 10:

herein n 1s from about 1 to about 20; and

herein q 1s from about 0 to about 10;

a polyvinyl phenol;

a melamine resin;

a solvent;

an optional surfactant; and

an optional catalyst;

treating the interlayer composition to form a cured inter-
layer film;

disposing a source electrode and a drain electrode on a
surface of the interlayer;

disposing a semiconductor layer disposed on the inter-
layer, wherein the semiconductor layer 1s disposed 1nto
a gap between the source and drain electrode;

wherein the interlayer serves as a back channel dielectric
layer for the device and wherein the interlayer serves as
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a back channel interface comprising an interface
between the semiconductor layer and the interlayer;
disposing a dielectric layer on the semiconductor layer;
and
disposing a gate electrode on the dielectric layer.
15. The process of claim 14, wherein treating the inter-
layer composition comprises thermally curing the interlayer
composition at a temperature of from about 100° C. to about

200° C.

16. The process of claam 14, wherein disposing the
interlayer composition comprises solution depositing the
interlayer composition, and wherein the solution depositing
comprises a method selected from the group consisting of
spin coating, dip coating, spray coating, slot die coating,
flexographic printing, offset printing, screen printing, gra-
vure printing, ink jet printing, aerosol printing, and combi-
nations thereof.

17. The process of claam 14, wherein disposing the
interlayer composition comprises ink jet printing, aerosol
printing, or a combination thereof.

18. The process of claim 14, further comprising a hybrid
process wherein the source and drain electrodes, the semi-
conductor layer, and the gate electrodes are disposed by 1nk
jet printing; and

wherein the interlayer composition and dielectric layer are
disposed by processes selected from the group consist-
ing ol spin coating, vacuum deposition coating, screen
printing, gravure printing, ik jet printing, aerosol
printing, and combinations thereof.

19. A device comprising:

a substrate:

an mterlayer disposed on the substrate, wherein the inter-
layer comprises a cured film formed from an interlayer
composition, wherein the interlayer composition com-
prises:

an epoxy compound;

a polyvinyl phenol;

a melamine resin;

wherein the melamine resin 1s selected from the group
consisting of poly(imelamine-co-formaldehyde), meth-
ylated poly(melamine-co-formaldehyde), butylated
poly(melamine-co-formaldehyde), isobutylated poly
(melamine-co-formaldehyde), acrylated poly
(melamine-co-formaldehyde),  methylated/butylated
poly(melamine-co-formaldehyde), and combinations
thereof;

a solvent;

an optional surfactant; and

an optional catalyst;

a source e¢lectrode and a drain electrode disposed on a
surface of the interlayer;

a semiconductor layer disposed on the interlayer, wherein
the semiconductor layer 1s disposed into a gap between
and over the source and drain electrode;

a back channel interface comprising an interface between
the semiconductor layer and the interlayer, wherein the
interlayer serves as a back channel dielectric layer for
the device:

a gate dielectric layer disposed on the semiconductor
layer; and

a gate electrode disposed on the dielectric layer.
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